Abstract-A method for the development of elements of nonequilibrium (ប, k) dynamics without the use of the Schrödinger equation is proposed. This method is based on the generalization of the Fokker-Planck and Hamilton-Jacoby equations by the successive account of the stochastic action of vacuum (quantum thermo stat). It is shown that nonequilibrium wave functions in the presence of quantum-thermal diffusion in vac uum describe the approximation to the state of generalized thermal equilibrium both at zero and finite tem peratures. They can be used as the basis for a universal description of transport processes.
1

EFFECTIVE ACTION AS A UNIVERSAL CHARACTERISTIC OF TRANSPORT PROCESSES It was shown in (ប, k) dynamics developed by us [1]
that the generalized characteristic of the stochastic action of vacuum in the state of thermal equilibrium is a specific macroparameter: effective action J eff . This quantity, which is connected with the fundamental world constant ⑂ ≡ ប/2k B , takes into account the com bined quantum and thermal influence of the environ ment, (1) where (2) In the equilibrium case, J eff is used to express the most important macroparameters (effective tempera ture, internal energy, and effective entropy [2] ). In particular,
the minimal value of is nonzero,
However, it is possible to extend these ideas to non equilibrium processes and demonstrate the universal nature of the transport coefficients by connecting them with the characteristic of the stochastic action of
Let us consider self diffusion occurring due to density fluctuations at a homogeneous temper ature as the model of transport phenomena. We con sider the Schrödinger uncertainty relation for the quantum oscillator in thermal equilibrium with vac uum (quantum thermostat) (6) where (7) coincides with the coefficient of the purely thermal diffusion of the Brownian oscillator [4, 5] .
In this relation, the quantity
which in general is included in the right hand side of (5), is naturally called the effective diffusion coefficient with the meaning of the effective action on unit mass. In the limit of low temperatures, when k B T Ӷ បω/2, self diffusion in vacuum does not stop and where D q is the quantum diffusion coefficient in cold vacuum. This quantity was introduced before by Nel son in the version of quantum mechanics that he called stochastic mechanics [6] . According to formula (8), J eff can be used to express all other transport coefficients. In particular, the effec tive shear viscosity coefficient takes the form (10) where ρ m is the mass density, ᐂ is the volume, and η eff has the meaning of specific effective action.
QUANTUM MECHANICS IN LAGRANGIAN FORMULATION
The formulation of quantum mechanics based on the Schrödinger equation cannot be directly general ized to nonequilibrium processes, since its solutions are reversible. At the same time, upon the construction of nonequilibrium (ប, k) dynamics, it is preferable, like in the equilibrium case, to use the language of wave functions.
In order to find nonequilibrium wave functions without the use of the Schrödinger equation, we use the Lagrangian formulation of quantum mechanics, which, in our opinion, is more applicable for general ization. In this case the Lagrangian density, depending on the complex functions ψ(q, t) and ψ*(q, t) playing the role of nonrelativistic fields, will not be initially introduced. Instead, we introduce as functional argu ments the real functions ρ(q, t) and θ(q, t) representing the probability density and the wave function phase according to the relation (11) Let us choose the following expression for Lagrangian density in standard quantum mechanics (for T = 0): (12) where U(q) is the potential energy.
Varying the action functional with ᏸ 0 [ρ; θ] inde pendently with respect to θ and ρ, we obtain the sys tem of equations (13) (14)
These equations coincide with the equations usu ally [7] derived directly from the Schrödinger equation for ψ(q, t) and ψ*(q, t) if the wave functions in them are replaced according to (11). However, now it is clear that Eqs. (13) and (14) have the meaning of Lagrange-Euler equations for the action functional with ᏸ 0 (ρ, θ) of form (12).
It is conventionally assumed that Eq. (13) is the continuity equation for the probability density ρ(q, t). In turn, Eq. (14) is an analogue of the HamiltonJacoby equation, since បθ(q, t) has the dimensionality of action. In this case the last term in formula (14) is sometimes interpreted as the operator U q (q) of a sto chastic energy of a quantum character vanishing in the limit ប 0. The gradient of this quantity compen sates the gradient of potential energy U(q) characteriz ing the regular action of the environment, which sta bilizes the stationary state.
Of course, Eqs. (13) and (14) for ρ and θ and the Schrödinger equations for ψ(q, t) and ψ*(q, t) are physically equivalent. However, it is usually assumed that the solving Eqs. (13) and (14) is a more complex task. Therefore, these equations are most often dis cussed in the framework of the quasiclassical approxi mation. Below it will be shown that, for self diffusion as the nonequilibrium process, a solution to these equations is quite possible. This approach makes it possible to independently find the functions ρ and θ, and thus find the nonequilibrium wave function (q, t) in the situation when the Schrödinger equa tion is inapplicable.
GENERALIZATION OF QUANTUM MECHANICS AT ZERO TEMPERATURE
As the first step, we represent expression (12) and Eq. (13) 
